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AdS/CFT duality is proposed by Maldacena in 1997.

hep-th/9711200 , cited  19075

Not strictly speaking, there may be a relationship between the Strongly-

coupled 4d gauge theory and 5d AdS spacetime.

𝒩 = 4 Super Yang-Mills (SYM) theory with gauge group 𝑆𝑈(𝑁) and Yang-Mills 

coupling constant 𝑔YM is dynamically equivalent to type IIB superstring theory 

with string length 𝑙s = 𝛼′ and coupling constant 𝑔s on 𝐴𝑑𝑆5 × 𝑆5 with radius 

of curvature 𝐿 and 𝑁 units of 𝐹(5) flux on 𝑆5.
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(1) D3-D7 model, D4/D8 model…

Top-down and Bottom-up model

(2) Einstein-Maxwell-Dilaton Model, V-QCD model….

AdS/QCD, holographic QCD, Gauge/gravity duality…
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According to the holographic principle, a D-dimensional field theory is dual to the 

(D + 1)-dimensional gravitational theory, and the extra dimensions can be 

understood as renormalization group flows.
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𝜙 伸缩子 dilaton

𝑆 =
1

16𝜋𝐺5
න𝑑5 𝑥 −𝑔 𝑅 −

ℎ 𝜙

4
𝐹2 −

1

2
𝜕𝜇𝜙𝜕𝜇𝜙 − 𝑉 𝜙

𝑑𝑠2 =
𝐿2𝑒2𝐴𝑒 𝑧

𝑧2
−𝐺 𝑧 𝑑𝑡2 +

1

𝐺 𝑧
𝑑𝑧2 + 𝑑 Ԧ𝑥2

Linear Confinement and AdS/QCD, Andreas Karch, Emanuel Katz, Dam T. Son, Mikhail A. Stephanov,
hep-ph/0602229
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Dynamical holographic QCD model for glueball and light meson spectra,
Danning Li and Mei Huang, arXiv:1303.6929

Background:

Probe:
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Confinement/deconfinement phase transition = Hawking page phase transition

black hole horizon/Temperature, black hole charge/chemical potential
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Quarkyonic phase from quenched dynamical holographic QCD model,

JHEP 03 (2020) 073

Xun Chen, Danning Li, Defu Hou and Mei Huang

Quarkyonic = quark + baryon

全息模型

PNJL模型

04 研究结果
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Consider the case of rotating, electrically charged AdS black holes with topologically spherical event 

horizons. Here the angular velocity is constant (both in space and in time) on the event horizon but 

also on the boundary, so there is no differential motion there: the boundary is rotating, not shearing.

Angular Momentum in QGP Holography, Brett McInnes, Nucl.Phys.B 887 (2014)
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𝑡 →
1

1 − ൫𝜔𝑙 )2

𝑡 + 𝜔𝑙2𝜃 , 𝜙 →
1
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Non-spherical event horizons

Rotating hairy black holes in arbitrary dimensions, arXiv:1707.03483
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A Cardy-like formula for rotating black holes with planar horizon. arXiv: 1702.02416

Black brane
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Gluodynamics and deconfinement phase transition under rotation from holography 

JHEP 07 (2021) 132

Xun Chen, Lin Zhang, Danning Li, Defu Hou, and Mei Huang

𝑑𝑠2 = −𝑁(𝑧)𝑑𝑡2 +
𝐻(𝑧)𝑑𝑧2
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The Hawking temperature can be calculated from the surface gravity 𝜅 as

𝑇 =
𝜅

2𝜋
=
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𝑧→𝑧ℎ

−
1
2

𝑔11

− ƶ𝑔00
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the quark chemical potential under rotation can be defined as

𝜇 = ቚ𝐴𝜇𝜒𝜇

𝑧=𝑧ℎ

− ቚ𝐴𝜇𝜒𝜇

𝑧=0
.
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Two flavor

Heavy quark

arXiv:1111.4953
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Inhomogeneous confining-deconfining phases in rotating plasmas

M. N. ChernodubPHYSICAL REVIEW D 103, 054027 (2021)

Compact electrodynamics (called also compact QED or cQED for 
shortness) which is a toy model that possesses the confinement 
property and, at the same time,can be treated analytically.

Tolman-Ehrenfest law 𝑇(𝒙) 𝑔00(𝒙) = 𝑇0,

The effectivetemperature 𝑻𝛀 𝝆 = 𝑻 𝟎 𝟏 +
𝟏

𝟐
𝝆𝟐𝛀𝟐 + 𝑶 𝛀𝟒
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Generation of vortices and stabilization of vortex lattices in holographic superfluids

Xin Li, Yu Tian, Hongbao Zhang. J. High Energ. Phys. 2002, 104 (2020)arXiv:1904.05497

Schwarzschild-AdS balck brane 𝑑𝑠2 =
𝐿2
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A simple way to solve the model is considering the probe limit.
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1

2𝜅2
𝑅 +

6

𝐿2
−

1

𝑒2

1

4
𝐹2 + ȁ𝐷Ψȁ2 + 𝑚2ȁΨȁ2

2023/11/12 QCD under rotation 14



Inhomogeneous chiral condensation under rotation in the holographic QCD

Phys.Rev.D 106 (2022) 10, 106002 • e-Print: 2208.05668 

Yidian Chen, Danning Li, Mei Huang
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As a result of the rotation, the probe action involves a new gauge field
𝐴𝑀 , which is dual to the non-zero current operator 𝒪𝜇 = ᪄𝑞𝛾𝜇𝑞
induced by the rotation, besides the complex scalar field 𝑋.

According to the AdS /CFT dictionary, the UV asymptotic behavior of

the scalar field 𝜒 has the form 𝑚𝑞𝜁𝑧 + ⋯ +
𝜎

𝜁
𝑧3 with quark mass 𝑚𝑞,

quark condensation 𝜎 and the normalization constant 𝜁 =
3

2𝜋
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Holographic gluon condensate with finite rotation and size (in preparation)
Xun Chen, Yidian Chen, Danning Li, Mei Huang.

According to an AdS/CFT prescription, the solution of classical equation of
motion for a scalar field 𝜙 corresponding to an operator 𝑂 has the
following form near the 4D boundary 𝑧 → 0,

𝑆 = −
𝑒−ℎ(𝑧)

2
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𝜙(𝑥, 𝑧) → 𝑧4−Δ 𝜙0(𝑥) + 𝒪 𝑧2 + 𝑧Δ
⟨𝑂(𝑥)⟩

2Δ − 4
+ 𝒪 𝑧2

where 𝜙0(𝑥) acts as a source for 𝑂(𝑥) and ⟨𝑂(𝑥)⟩ denotes the
corresponding condensate
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Fix the parameters by lattice input
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Polyakov loop expectation value is associated with the electric dimension-2 gluon 

condensate by the following relation[1]:

< 𝐿 >= ex p −
𝑔2 < 𝐴4

2 >

4𝑁𝑐𝑇2

1. Fukun Xu, Mei Huang, Electric and magnetic screenings of gluons in a model with 

dimension-2 gluon condensate, Chin.Phys.C 37 (2013) 014103. e-Print: 1111.5152.
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https://arxiv.org/abs/1111.5152


Holographic QCD phase transition with machine learning (in preparation)
Xun Chen, Mei Huang.

𝐴 𝑧 = 𝑑l n 𝑎𝑧2 + 1 + 𝑑l n 𝑏𝑧4 + 1

𝑓 = 𝑒𝑐𝑧2−𝐴 𝑧
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Deep Learning and Holographic QCD，
Phys.Rev.D 98 (2018) 10, 106014



2+1 flavor
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2 flavor 2+1 flavor
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团队成员

Martin Contreras Miguel Angel Akira WatanabeFujita Mitsutoshi
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谢谢大家，欢迎给与指导！
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